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ANTENNA DIRECTION-FINDING CHABACTERISTIC

Ve G, Pazshekhonov

Summary

The side lobes of the direction~finding characteristic of a
scanning artenna were studiad. The connecticn betwe2n the statistical
parameters of the directivity rpattern and the direction—finaing
characteristic during a mcncchromatic and uncorrelated wide-band
signal was determined. An integral paramster - the coefficient of
scattering of the direction-finding characteristic - was introcduced,

and its values werc estimatad.

Introduction
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During single~-coordinate direction finling by succassive

amplitude cempariscn (scanning), the signal at the output cf tho

goniometer is proporticnal t¢ the value
G (0, 4) GO0 —0,,¢)—G(0 1 Ocps ), (1)
vhera 0, ¢ are the angular cocrdinates of the source (6 is counted

from the equisignal directicn) ek is half the scanning angle;

G(8, ¢) is the direoctivity rpattern of tha gcniometer antenna.

The function G, (6, ¢) is usually called the direction-finding

characteristicl.

Footnote: 1With two-cccecrdinate scanning, two type [1)
direction-finding characteristics are obtainzd independantly because

of orthogonality. End footncte

Its value is of interest in different areas of radar [1]), especially

for goniometry of sources cf inccherent (ncissz) emission, In the

latter case, it completely determines the ratio of the useful signal

to roise from external nois? scurces (background) [2]). The background

consists ofﬂlocal and distant scurces positionsd randomly relative.

to the antenna. Therefore, 3t is necessary to have gquantitative .

estimates of the direction-firding characteristic in the complete

spatial angle, Howevar, as far as this author knows, up to now
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direction-finding characteristics have only been studied near the
equisigral direction. L
The purposa of this study is to analyze the direction-finding

characteristic in the vicirity cf the side lobes. The specific

properties of the roise emissicn sources - the signal bandwidth and
the finite angular dimensicns - swere considered. The spatial
structure was considered, and an integral paramzter was introduced -
the coefficient of scattering cf the direction-finding
characteristic., Calculated formulac and quantitative estimates of the
parameters of the directicn~-finding characteristic were obtained for
a mirror antenna based on the statistical description of its
directivity pattern with a rarrcw-band [3] and a wide-band [ 4]

signal.

Spatial Structure of Directicmn-Finding Characteristic

The analysis of the structure of the direction-finding
characteristic ard the calculaticn of its parameters are ccnsiderably
simplified if we reduce the right side of formula (1) to the product
of two functions, each of which depends only on one coordinate 6 and '
¢. The derivation of an approxirate formula of this type is given

¢
below for an axisymmetric direcitivty pattern and OC&<<1 (a

- ar Wy .
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highly-dircctional antenna).

Suppose that scanning cccurs relative to the z-axis in the plane
| #=0 (Pig, 1), so that the maximum of the pattcrn lies alternately on

the axes z' and z". Alcng with a:gulér coordinate system 6 and ¢

bound tc the z-axis, we will introduce the systems 0, ¢ and 6%, o,
bound to the axes 2z' and 2", resrectively. Then, based on tha
assumption of the axial symmetry of the directivity pattern

G (0'—'00(- P} G (0')' G (0 +-
+ chq’) =G (O")- (2)

where the angles 6, ¢, 0, 9" satisfy the relationships of spherical

triangles

co0s 0’ == cos 0, cos 0 4-
+-sin 0, sin O cos ¢,

cos 0" - cos 0, cos 0 -—sin O, sin O cos . 3)

Fig. 1.
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The right sides of formulae (3) car be approximately reduced to

the cosines of sevzral angles. Ccnsiéering that 6,, <<1, we will set:

€08 O &7 cos (0, cos ), sin0,, cos = sin (O, 05 q). )

The error in formula (3) vwhen using agproximate equations (4) is
a valua on the order of 0,5 (Osiug):, 1.e., there is no error in the

scanning plan2 =0, », and in the plane ¢=w/2, -f—n. where it is the
0;
Ly P

maximum, it does not exceed 5

With consideration of (#), formulas (3) assume the form

6 ~0—0,cosqp, 0"220-}-0,coso. (5)

The substitution of (5) in (2) and (1) gives us
GO, @~ G(O—0,)—G(010,), @

where

0., Oy cOS . (@

Expandirg the functicn (w1 a;,) near point 6 into a Tayloer

"}
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serics -
n.)

{
G0y Gy e Gy oatt !

-

and substituting this expansicr in formunla (6), with consideraticn of

(7) we will have

G0, ) = —2 N 01 Peos™ oG M (0).

m=-1

Because of the conditicr gcx<<1' henceforth we will limit
ourselves to only tha first term in the series (theoretically, the

consideration of the subsequent terms is nct complex). Then

G, (0, ¢) ~—20,, cospG" (0). Y

As was anticipated, the direction-finding characteristic
determined by (6) and (9) has even symmetry relative to the scanrirng
plane (#=0, w») and odd - relative tc the plane perpendicular to it
(W ~§n-%-n) According to (6) and (7), it suffices to know the
direction-finding characteristic in the scanning plane and its
dependence on the scarning angle in crder to easily determinse
G,(6, #) in any plane ¢=ccnst. According to formula (9), it suffices

to know the derivative of the directivity rattern for the apprcximate

determination of G,(0, 9).

It is also clecarly evident from formula (9) that the
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direction-finding characteristic has a lobe structure with
alternating positive and negative lcbes..Rgmamber that when !
incoherent emission is received, 6(8) is the directivity pattern for

power, i,e., G(0)20. y

Scattering Coefficient of Direction-finding Characteristic

For a distant emissicn scurce, the signal at the goniometer
outlet modulated at tha scanning frequency is propcrtional to the
integral of Gp(6, ¢) taken frcm the spatial angle subtended by the
source, Therefore, in order tc estimated the modulated noiszs frem
external sources, we vwill irticéuce an integral parameter - the
scattering coefficient of the diraection-finiing characteristic. We
will define it analcgously to the known antenna scattering
coefficient (e.g., see [5)). The antenna scattering coefficiocnt

outside the spatial angle @

p-f feopae=1-{ [0, pae (10) ?

4n—¢ e

vher> the directivity pattern (fcr povwer) G(6, ¢) is normalized so

that

5}6(9. PdQ--1. (1

L}
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It is usually assum2d that 0=0Q,, is the spatial angle which

subtends the main lche of the directivity rpattern.

Introducirg the scattering coefficiznt of the directicn-finding
characteristic (B,) aralogously %o (10), it is necessary tc¢ comnsider
the 0dd symmetry of G(6, ¢) relative to the plane lp:»},-gqh as a
result of which sources positicred symmetrically relative to this

plane to not emit a signal which is modulated at the scanning

frequency. Therefore, we will define By as follows:

Ly} a,
o Jef o0, msmoa, a2
D4 bl

whera

—% Q<P < -:— v 0,0, <0<

0on is the angle which determines the pcsition of the first zero (or

minimum) of the dircctivity rattern.

Substituting (9) in (12) ard integrating (we will take the

integral with respect tc 6 "by fparts®), we will have

0,
Pr== 20, (SiN o — sin @;) [G (0, sin 0, —G (0) sin 0, |- f G(0)cos0d o] L

Subsequently, we will ccnsider tha partial case when scattering

is d=~termined outside the main lcbe of the directivity pattern.

Rt £ O
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Setting é,=wn/2, ¢,=#/2, 0=0,.,, 6=v, respactively, in (13), and

considering that G(6.,)=0, we ¥ill have

ﬂu ‘“’(-x j' G (0) c0s0d 0. . (I 4)
0

(£

The peculiarity cf (14) ccmpared to (10) is that in subintegral
expression (14), sind is replaced by cos8. As a result, we cannot
automatically reduce (14) to the calculaticn of the integral from the
directivity pattern G(8) in tlke vicinity of the main lobe, as is done
in (10). It is recessary to integrate G(8) cosd in the angle 0=z 0,
vhera krown difficulties are enccuntared in determining G(6). This

problem is considered in the rext section cf the report.

It is not difficult tc astatlish the relationship betwcen B,

and B. From (14) and (10) we kave

x
[ cos () coc0d0
rox 6”, . : (|5)
n

h:r
n n
j’ G (0) sin0d O

Cea
A linear dependence on 6 is characteristic of formulae (14)

and (15). Since 8, <<1, 8,.,<<1, fq <<PLI.

Whence the antenna noise ccrpornent modulated at the scanning
frequency is considerably sraller than the constant component. This

is due *o0 the situatior menticned at ths end of the preceding
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section: all of the lcbes of pattern G(8), which determine the value

of B, are inphase, while lctes G, (6, #) are sign-variable.

Statistical Parameters cf the Cirection-FPinding Characteristic

The formulae obtained akcve make it pcssible to calculate the
directicn-finding characteristic and i+ts scattering coefficient if ve
know the directivity pattern G(0) in the entire spatial angle. The
problem is that the directivity pattern of most SHF antenna= cannot
be calculated in the vicinity cf the far side lobes. One possible way

of dealing with this problem is to use the statistical descripticn of

G (9). Report [ 3] shows that tle directivity pattern of a mirror
antenna in the vicinity of the irreqular (far) 1lckes can be

considered tc be a staticnary random process which is nearly

Gaussian. Obviously, the gprccesses G(e-ecK) and G(8+6,,) and,
consaquently, also the directicn-finding characteristic, can alsc be

considered to be nearly Gaussian processes.,

W2 will designate the matheratical xpectaticn and dispersion of

the process G{6) as m and o2, respectively. Based on stability at a
fixed o

MIGO--0.01 MG -0 =m, (16)
DGO 0,01 -DIGO -0 =0, (7

IO DU SR T S
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Since G,(0) is a Gaussiar ;rccesg,'its distribution is
completely determined by twc paramet;rs: mathematical expectation
(ns) and dispersior (¢2). Ccnsidering (16) and (17), we vill have:
my, - MG O--0,)1—M{G @O --0,] -0, (18)

: ‘62 DIGO- 0,011 DIG(O- 0,01 —20°K(20,)  20°|1 —K(20,)), (19)

vher2 K(8,) is the autccorrelaticn coefficient cf prccess G(6) .

According to (18) and (1¢), in a fixed plane ¢=const, G(6) is a
stationary Gaussian procnss with a zero mean value and dispersion
vhich depends on the scarnning angle. Thz autocorrelation coefficient

of the directivity pattern measured with respect to power is

essentially equal to zero when 6,,>0, [3). Thorsfora, according to

1 (19), the dispersion c¢f the direction-finding characteristic vhen
0%,%0p is equal to twice the dispersion of the directivity pattern.
It is necessary for angle 6}, tc be sufficizntly small so that 0a.
3 As ¢ increases from 0 to w»/2, 6%, and, conssquently, also the lotes

3 of the direction-finding characteristic decrease; process G(8, ) is

unstable with respect to ¢.

In order to calculate *tke scattering coefficient of the

WO W- P
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direction-finding characteristic, we will divide the integraticn
interval ir (14) into two parts: 0,080, ard 6,&0<v (here 68, is the
bcundary of the regular and irrzqular lobes). In the first part cf
the interval, there is no majecr problém~with integration. Since the

antenna is highly-directicrnal ard 6,, <<1, 6,<<1,

0 0y
\? G(0)cos0d0= | GOdO (0, 0,,)my, (20)
bin frn
%
G(do
whers é () is the mean level of the regular lobes.
my-- ..
op e ol'n

We will estimate the integral from the second part of the

interval by using the statistical representation of G(6). Considering

that with sufficient directivity cf the antenna, G(6) changes rarpidly
compared to cosf6 of the functicr, and that the sign of cos@ changes

in the interval (6p,, 7), ve will obtain the estinmate

n :
§ G(O)cos 040 =~ —m0, @n
b

4

Since my>>m, the regular lctes of the pattorn make the main
contribution to the value of the scattering ccsfficient of the

directicn-finding characteristic, and (14) can be written as

o = A0, (0,-—0, ) .. (22)

According to (22), in crder to estimate the scattering




poc = 0961 PAGF 13

coefficient of the directicr-firding characteristic, it suffices to
know only the parameters whick are eithct‘easy to calculate or easy
to determine experimentally. Iike the lev2l of the side lobas, the
value of B, decreases as 6,, decreases..f, do2s not depend on the
directivity of the antenna - the values 8., 6p, and 6., are
proportioral to 65, and with ccnsideration of (11), the value of m,

is proportional to 9,%2,

Calculatiocns made using fcramula (22) give us the value B =1.30/0
with a uniform field distributicn in the antenna aperture and

By=0.20/0 with zero illuminaticn of the edge.

It is more complex tc experimentally detesrmine B, than . In
fact, while it is easy to calculate the value of B from the measured
incremert in antenra ncise frcr a "klack" disk which covers the main
lobe of the diractivty pattern (5], we need a "black" disk which
subtends almost half the spatial angle(—~3=€¢s§-§n mwsﬂkgn)in'crder
to find B,. It is expediznt tc use the underlying surface as this
disk. However, cne must ccnsider that in this case, the main lcbe of
the dirsctivity pattera will scan n<ur the horizon, where the maxinmum
atmospheric brightness cccurs. Therafore, it is necessary to exclude
the modulated noise of the arterna caused by scanning of the main

lobe frem the results. This ncisae is not difficult tc calculate for

decimeter waves, and also fcr certimeter waves with a homogeneous .
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atmosphcra, Additicral sources cf cxperimertal error are the

irregular brightness temperature of the underlying surface across the

angle and its location in the far or intermediate zone of the
antenna. These crrcrs are especially larye in the vicinity of the

near side lobes of the directivity pattern.

Measurements cf B, were taken in order to minimize these errors.
A parabolic mirror with an aperture diameter of 30 wavelengths wvas
installed so that the equisigral direction formed an angle of 129 to
the plane of thk: horizon and th? near side lobes wvere dirccted tc the
framework, A sufficiently larce angle of elevation made it possitle
to calculate the modulated ncise caused by scanning of the main lobe

of the directivity pattern.

After elimipating the 2ffect of the atmosphere, when 8 =0, 016,
the value of g, was 2.60/c. Fcr the same antenna, p=210/c. The
divergence of these exrperir=nts frcm the previous calculated
estimatss is caused first by the fact that the estimatoes were rade in
the aperture approximation and éid nct consider many factors, and
second, because the aberraticrs which occur during scanning were not
considered. Howsver, it is significant that like the calculaticn, the
experiment confirmed the inequality Pp<<B. Purthermore, a n2arly
linear dependence 5n(ecx’ was fcund, which corresponds to formula

(22). Thus, when 6,, increased 1.27 times, coefficient B, increased
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1.21 tires. The experiment rade it possible to 2stimate the )
contribution of the near and far side lobgs to the value of B8,.

Incraasing the angle bctween the equisignal direction and the plane

of the horizon to 25°, when thke regqular-lokes turned out to be

directed toward the sky, caused P, to bs reduced to 0.30/0. Finally,

tha experrimental data agre=d well with the result of the calculation

of B, from formula (15). Using this formula for the numerical

integration of the experimental directivity pattern gave us the value

Bn=2.90/0.

Parameters of Direction-Finding Characteristic During a Widz-Band

Signal

When the receiver has a finite passband, the angular sensitivity
of the antenna relative tc unccrrelated signals is determined by the
directivity pattern (characteristic) averaged over the passband cf

the receiver: ?
b i
J S (G0, o) dow :

o == . ' (23),

-
f S()dow i
-n : 4

vhars S(w) is the frequency characteristic of the HF filter of the

receiver.

R T e e em - .o ) . - - . i ——
— - < e . . . . .. !
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Raport [4] shows that fcr a reflectorn antenna, in the vicinity
of the far side lobes, the rpattern ¢(8) can be considered to be an
unétable Gaussian process with a ccnséaﬁt pathematical expectaticn
and dispersion which decreases as anéle 0 increases. This gives us
grounds for considering the directicn-firding characteristic during a

wide-band signal tc be a Gaussian process, Obviously, its

mathematical expectaticn is equal to zero., The dispersion is |
calculated from a formula of the type (19), where it is necessary to

substitute ¢N9) for G(6). We will ccnsider its terms.

According to report [4], with sufficiently large values of @

1 1 ] 94 |
DD (0 - 0] ~ 20* [.m T (249 ;

vhere a is the parameter of the autccorrelation function of the

directivity pattern [4]:

-1y @ o’ a> L. (25)

l R(l' l') ,02e 01—-‘—0—’.1 Oz’m‘.‘c

— -

Considering that in tha vicinity of the irregular lobes, 6>>0,.., "l

from (24) we have

21a0-- 1 )
DD (©—0.1 | D10 | 0] ~ o ":ET)‘)T‘ (26)
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It is rot difficult tc shcw that in the problem in questicn, the
relationship between the autcccrrelation ccefficients of the

directivity pattern and characteristic is given by the formula

K, (0, 0y - "ﬁ S — " f 9(..»;\(0 ‘.' o,:_:i_)dm'd 0. (27
l S(n)d(o‘ N

For defiritencss, we will assume that the characteristic of the

HP filter is rectangular:

0 o < oy(1—n),
S{m:-] Ta(l =M< oK ay(l-Fn),
0 o< og(l4n)

and that 6,=6, 92=e+2ec‘

Then, integrating (27), we will have
K, o 2a? e * l)ch?u(l"_“l, (2%)

vhere we have designated x=Z nagd. With sufficiently large 6, sc that

x>>1,

Ko = 2—"— T - chi2a0 ) 29
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Substituting (29) and (z€) intc formula (19), we will have

woa 1
o2 xda? S 0)

(%

Like for a narrow-bznd BF filt=ar, %f increases as 6,, incraases
(ve should consider that fcrmule (30) was cbtained with the
assumption that 6,,<<Y and chzaf,, is a limited value). The
significant difference i- that with a wide-band sigral, the
dispsrsion of the direction-finding characteristic dscrcases as 6
incroasss., Thus, in thkis case, the directicn-finding characteristic
is an urstable Gaussian process with a zerc matheratical expactation
and dispersion which decreases as angle @ increases. The value of ¢
is inversely proporticnal tc the relative tand (2 n) of the HF
filter, Therefore, broadenin¢ tke band of the HF filter reduces the

level of the side lobes of the direction-firding characteristic.

Th> scattering ccefficient cf the direction~finding
characteristic depends little c¢n the band cf the HF filter, since it
is determined by the regular =ide lcbes, whose mean level essentially

does not depend on the band.

ki
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